SUMMARY. To study transmembrane electrophysiological properties of blood-perfused mammalian heart cells during normal perfusion and during acute ischemia, 1-to 2-mm cubes of neonatal hamster atrial and ventricular myocardium were transplanted to the adult hamster cheek pouch and studied with microelectrodes 4-7 days later, when vascularization and spontaneous contractions occurred. Action potentials recorded from the transplants were similar to those recorded from neonatal and adult hamster myocardium studied in vitro. Interrupting blood flow to spontaneously beating transplants reduced diastolic depolarization and suppressed automaticity. After automaticity ceased, the transplants were paced with a bipolar electrode or intracellular microelectrode. Action potential amplitude, resting potential, and dV/dt ma x decreased during ischemia. Action potential duration and the intracellular current threshold for excitation increased initially, subsequently decreased to values less than control, and increased again prior to the onset of inexcitability. Conduction delay and block occurred during the late stages of ischemia. Depressed action potentials recorded during ischemia were suppressed by tetrodotoxin (10~5 M) but not by verapamil (2 X 10~6 M). These data indicate that: (1) the electrophysiological properties of cheek pouch cardiac transplants are normal, (2) ischemia suppresses transplant automaticity, (3) cellular excitability increases during the early stages of ischemia and decreases at a time when conduction delay and block occur, and (4) action potentials generated during the later stages of ischemia appear to be depressed fast responses, rather than slow responses. (Circ Res 50: 599-609, 1982)
ANALYSIS of the changes in extracellular cardiac electrical activity produced by acute myocardial ischemia has provided important information on the genesis of ventricular arrhythmias (Wit and Bigger, 1975; Elharrar and Zipes, 1977; Lazzara et al., 1978a) . However, detailed characterization of cardiac cellular electrical properties presently requires transmembrane recordings of single cells. Such recordings are difficult to obtain due to the technical problem of maintaining intracellular microelectrode impalements in the beating heart. Several attempts to improve the stability of microelectrode recordings in the intact heart during ischemia have been only partially successful, and recordings have been limited to the ventricular epicardium (Downar et al., 1977; Russell et al., 1979; Morena et al., 1980; Akiyama, 1981) .
To obtain stable, sustained transmembrane recordings from mammalian atrial and ventricular myocardium during periods of normal perfusion and during acute myocarial ischemia, we studied vascularized hamster cheek pouch cardiac transplants. The purpose of this study was: (1) to determine the suitability of using the cardiac transplants for the study of cellular electrical properties in blood-perfused atrial and ventricular myocardium, (2) to characterize the cellular electrophysiological changes that occur during acute myocardial ischemia , (3) to relate changes in cellular electrophysiology during ischemia to the propensity to develop automatic or reentrant arrhythmias, and (4) to determine whether action potentials generated by ischemic myocardium are depressed fast responses or slow responses.
Methods Transplantation Procedure
Cardiac tissue was transplanted to the cheek pouch of the adult hamster by a modification of the cheek pouch chamber technique originally developed by Greenblatt et al. (1969 and 1971) and subsequently employed by Cornish et al. (1979) .
Cheek pouch chambers consisted of a circular top plate and matching base plate with a circumference of 2.8 cm and a total height of 0.6 cm. A 2.5-mm-wide groove was machined into the side of the top plate. Top plates had steel pegs that inserted snugly into corresponding holes in the base plates. Saran Wrap was glued across the bottom surface of the top plate to protect the transplants and prevent the cheek pouch membrane fluid from evaporating.
600
Circulation Research/Voi. 50, No. 5, May 1982 Randomly bred female hamsters weighing 100-125 g were anesthetized with chloral hydrate (4.0 mg/kg ip). The left cheek pouch was shaved and prepped with Phisohex, 70 and 100% alcohol, and Betadine solution. Using sterile technique, the cheek pouch was slipped over a base plate secured in a spring-loaded holder. A 1-cm incision was made in the overlying skin to expose the cheek pouch membrane. The uppermost layer of non-vascular mucoareolar tissue was removed with fine forceps and penicillin G (1.2 million units/10 ml sterile Ringer's solution) was applied around the circumference of the membrane. At this time, two or three pieces of donor atrial or ventricular tissue were placed near the center of the cheek pouch membrane and the top plate was fitted into the base plate. The cheek pouch skin was then secured in the top plate side groove with a 5-0 silk pursestring. The animal was removed from the base plate holder and the cheek pouch area was washed with 70 and 100% alcohol and Betadine. Penicillin G (6,000 units, ip) and Gentamycin (0.2 mg, ip) were administered and the animals were housed separately and maintained on standard laboratory chow and water.
Donor cardiac tissue was obtained from neonatal hamsters. Neonates were decapitated and their hearts removed and placed in a tissue bath containing oxygenated (95% O2, 5% CO 2 ) Tyrode's solution at 37°C and pH 7.4. The composition of the Tyrode's solution in millimoles per liter was: NaCl, 124.0; KC1, 4.0; NaHCOs, 22.0; MgCl 2 , 0.7; CaCl 2/ 2.0; NaH 2 PO 4 , 0.9; glucose, 5.0. One-to 2-mm cubes of transmural right atrial sections and left ventricular endocardium were prepared under a dissecting microscope (Wild M7A). Preliminary studies were also conducted using adult hamster atrial and ventricular myocardium, but these tissues were not used subsequently due to their high frequency of rejection.
Cardiac Transplant Recordings
The transplants were fully vascularized 4 days after transplantation and the spontaneous contractile and electrical activity of the transplants was maximal at 4-7 days following transplantation. Since normal action potentials were most often found in spontaneously active transplants, all experiments were performed 4-7 days after transplantation. The hamsters were anesthetized and the Saran Wrap membrane was removed. Animals that had viable transplants with no obvious signs of rejection or infection were placed on a plexiglass table covered with a heating blanket. The cheek pouch chamber was secured by means of a clamp apparatus fitted with inflow and outflow tubes to circulate oxygenated Tyrode's solution maintained at 36.0-37.0°C through the chamber (Fig. 1) . Superfusion in the chamber controlled the temperature of the exposed, superficial layers of the transplants, cheek pouch membrane, and vasculature and prevented the membrane fluid from evaporating. In some experiments, the temperature was moni- 
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tored with a Yellow Springs thermoprobe (model 520). The clamp also contained a coiled ground electrode that was emersed in the cheek pouch membrane fluid.
Transmembrane action potentials were recorded with floating beveled glass microelectrodes having a D.C. resistance of 3-20 megohms from preparations beating spontaneously or driven at a basic cycle length (BCL) of 500 msec. The coiled ground electrode was used as the reference electrode. The microelectrodes were coupled to silver chloride wires leading to the input of a high impedance capacitance neutralizing amplifier (model 750 or M707, VV-P Instruments, Inc.). Electronic differentiation was used to obtain the first time derivative of the action potential upstroke. Extracellular pacing stimuli were delivered by means of Teflon-coated stainless steel electrodes. Stimuli were rectangular pulses of 1 or 2 msec in duration, delivered at an intensity of one and one-half times the diastolic threshold and were obtained from a pulse generator through an isolation transformer (Digipulser model 830, Isopulser model 850, W-P Instruments, Inc.). The minimum intracellular current required for all-or-none depolarization was determined by injecting 2-msec duration depolarizing current pulses of various intensities every 500 msec. Current pulses were delivered via an intracellular microelectrode connected to an amplifier with a rapid switching system (M707, W-P Instruments, Inc.). Following delivery of the current pulse, the amplifier reverted to the recording mode, and the presence or absence of an active response was determined. All recordings were displayed on a memory oscilloscope (Tektronix D15), photographed with a Polaroid camera (C-59), and recorded on magnetic tape (HewlettPackard model 3960).
The action potential characteristics measured were resting membrane potential (RMP), action potential amplitude (APA), action potential duration at 90% of repolarization (APD90), the maximum rate of rise of phase zero (dV/dt ma x), activation time, and the intracellular current threshold (ICT). Activation times were determined by the time interval between the upstroke of the stimulus artifact and the maximum dV/dt deflection.
Protocol to Study Cardiac Transplants
The electrical activity of individual cardiac transplant cells was studied during periods of normal perfusion by the cheek pouch blood vessels in the presence and absence of superfusion with Tyrode's solution and during periods of acute myocardial ischemia. A total of 35 atrial and 14 ventricular transplants were studied. Myocardial ischemia was produced by severing the blood vessels supplying a transplant with fine scissors or administering a lethal dose of sodium secobarbital (100 mg, ip) to the host animal to eliminate the possibility that small uncut blood vessels still perfused the transplant. Since there was no significant difference between data obtained by either procedure, the data were pooled. Superfusion of the transplant was stopped 15 minutes prior to the onset of ischemia to eliminate the effects of continued superfusion on superficial transplant cells. All of the Tyrode's solution was removed from the chamber except a thin layer of stagnant solution (volume 0.05-0.1 ml) that covered the transplant throughout the period of ischemia and prevented evaporation of the membrane fluid. The temperature of the transplants was 37.1 ± 0.6°C (mean ± 1 SEM, n = 4) during superfusion with Tyrode's solution and 30.0 ± 0.1°C 15 minutes after cessation of superfusion. At the onset of ischemia, the temperature was 29.5 ± 0.8°C and after 30, 60, 120, and 180 minutes of ischemia, it was 27.1 ± 0.6, 26.4 ± 0.5, 26.2 ± 0.6, and 26.1 ± 0.5 c C, respectively. Preliminary experiments indicated that cessation of superfusion reduced spontaneous discharge rate and dV/dt max and lengthened action potential duration. These effects reached a steady state within 10 minutes.
Pharmacological agents were tested during normal blood perfusion and during acute ischemia by topically administering 0.1-0.15 ml of the agents in the absence of superfusion with Tyrode's solution. The drugs tested were tetrodotoxin (1 IX, 10~5 M dissolved in oxygenated Tyrode's solution) and racemic verapamil (2 X 10~6 M dissolved in oxygenated or non-oxygenated Tyrode's solution). Verapamil dissolved in non-oxygenated Tyrode's solution was used during ischemia to minimize the possible beneficial effects of the Tyrode's solution. The effects of TTX on normal and ischemic transplants were monitored for 15 minutes and those of verapamil for 15-30 minutes. All solutions were kept at room temperature (22-24°C).
Protocol to Study in Vitro Myocardium
Neonatal and adult hamster atrial and ventricular myocardium were studied using standard in vitro microelectrode techniques in order to determine the electrical properties of non-transplanted hamster cardiac tissue.
Newborn animals were decapitated and their hearts removed, placed in cool (22-24°C) Tyrode's solution, and trimmed under a dissecting microscope. Right atria (n = 3) or left ventricles (n = 5) were split open and pinned to the rubber floor of a Lucite tissue bath (8 ml volume) with the endocardial surfaces uppermost. The tissue was superfused at a rate of 5 ml/min with oxygenated (95% O 2 , 5% CO 2 ) Tyrode's solution maintained at 37.0 ± 0.5°C and pH 7.4. Adult hamster right atrial (n = 5) and left ventricular (n = 6) preparations, obtained from female hamsters anesthetized with chloral hydrate (4 mg/kg, ip), were studied in the same manner.
Preparations were allowed to beat spontaneously or were stimulated at a BCL of 500 msec if they were not automatic. Action potential characteristics were measured after an equilibration period of 60 minutes and were compared with those obtained from the cardiac transplants studied during normal blood perfusion and superfusion with Tyrode's solution.
The electrophysiological responses of neonatal and adult myocardium to some of the metabolic alterations that may occur during acute myocardial ischemia in vivo were compared by superfusing neonatal atrium (n = 8) and ventricle (n = 6) and adult atrium (n = 10) and ventricle (n = 12) with an altered Tyrode's solution containing 16.0 IJM KC1 at a pH of 6.75 ± 0.25 and a Po 2 less than 40 mm Hg. Preparations were allowed to beat spontaneously. Preparations that were quiescent initially or became quiescent during superfusion with altered Tyrode's solution were paced at a BCL of 500 msec. The time to complete suppression of spontaneous electrical activity in automatic preparations and the time to inexcitability following external electrical stimuli in all preparations were monitored. The latter condition was defined as that time when no active response could be elicited from cells in close proximity to the stimulating electrode at a stimulus intensity of 100 V and a stimulus duration of 20 msec.
Statistics
Statistical analysis was performed using Student's t-test for paired or unpaired data, where appropriate (Dixon and Massey, 1969) .
Materials
TTX was obtained from Sigma Chemical Co., and verapamil (Isoptin hydrochloride) from Knoll AG.
Results

Cardiac Transplant Studies
Normal Electrophysiology
Action potential characteristics for neonatal and adult hamster atrial and ventricular myocardium studied in vitro and transplanted neonatal myocardium studied in the hamster cheek pouch are given in Table  1 . All preparations were paced at a basic cycle length of 500 msec. There were no statistically significant differences between action potential values for neonatal atrium and ventricle studied in vitro or after transplantation to the hamster cheek pouch. Adult atrial and ventricular action potentials had greater dV/dt m ax and APD90 than their neonatal counterparts, while RMP and APA were similar for the two groups.
Two types of automaticity were observed in neonatal atrium studied in vitro and in atrial transplants studied in the cheek pouch (Fig. 2) . One type ( Fig.  2A ) resembled normal sinus nodal pacemaker activity, whereas the other type (Fig. 2B) had characteristics similar to triggered rhythmic activity.
Electrophysiological Changes during Ischemia
Action potentials were recorded from nine ventricular and 12 atrial transplants during normal perfusion and during the entire period of myocardial ischemia, until the transplants were inexcitable. Sustained automaticity was present in five of the ventricular and nine of the atrial transplants during normal perfusion. The remaining transplants were intermittently automatic and were easily stimulated. The spontaneous discharge rates of the transplants were slowed during the initial stages of ischemia (Fig. 3) and automaticity was completely suppressed in all transplants after 15-100 minutes of ischemia.
Representative changes in action potential configuration and ICT in a non-automatic atrial transplant during ischemia are shown in Figure 4 . These changes are graphically displayed as a function of the time of ischemia in Figure 5 120 minutes of ischemia. Progressive increases in APD90 and ICT occurred during 120-180 minutes of ischemia, culminating in inexcitability. During this latter period of ischemia, increasing the stimulus intensity to values greater than the threshold intensity reduced activation delay and increased the amplitude and rate of rise of the action potential upstroke. RMP and APA were relatively unchanged from control during the first 60 minutes of ischemia. Subsequently, reduction of RMP was accompanied by parallel reductions in APA, but once RMP had reached -65 to -60 mV, APA continued to decline while RMP showed only slightly more depolarization prior to the onset of inexcitability. A control measurement of dV/dt ma x was obtained prior to ischemia using extracellular stimulation. However, the transplant was stimulated during ischemia by intracellular current injection and dV/ dt m ax could not be determined during the first 70 minutes of ischemia because the current artifact partially obscured the action potential upstroke. At later times of ischemia it was possible to dissociate the current artifact from the upstroke. A slight decrease in dV/dt max occurred during the first 100 minutes of ischemia, followed by more rapid reduction at later times.
Action potential changes in another atrial transplant during myocardial ischemia are shown in Figure  6 . The upper panels in A illustrate the progressive reduction of RMP, APA, dV/dt ma x, and APD90 and 77.1 ± 2.0* 268.8 ± 13.5* -82.9 ± 0.7 114.7 ± 0.6 118.5 ± 4.8 493.6 ± 28.8 -82.2 ± 0.6 114.7 ± 1.0 104.9 ± 7.6* 376.6 ± 21.8* -84.5 ± 1.5 117.8 ± 2.5 108.6 ± 1.3* 345.7 ± 28.8* Data are expressed as mean ± SEM; n = number of cells. * Statistically significantly different from adult myocardium of the same type at P < 0.05. increased activation time with increasing duration of ischemia. Panel B contrasts an action potential recorded from a cell in the ischemic transplant (lower recording) with one recorded from another atrial transplant located in the same cheek pouch chamber whose vascular supply was left intact (upper recording). At 22 minutes of ischemia, the non-ischemic transplant discharged spontaneously at a cycle length of approximately 500 msec, the cycle length at which the ischemic transplant was being paced. After 82 minutes of ischemia, the non-ischemic transplant was still spontaneously active, although at a slightly slower rate, and had a normal action potential configuration, whereas the ischemic transplant was inexcitable.
Cilmour and
Changes in ventricular transplant action potentials during ischemia were similar to those seen in atrial transplants (Figs. 7 and 8) , except that the time to onset of inexcitability was significantly shorter (47 ± 8 vs. 128 ± 17 minutes; P < 0.05). The transplant in the example shown was spontaneously active until 60 minutes of ischemia, at which time automatic activity became intermittent. After 70 minutes of ischemia, pacing was initiated at a BCL of 500 msec via current injection through the microelectrode. Pacing initially produced an increase in APD compared to that seen after 60 minutes of ischemia, despite the shorter cycle length. During the next 5 minutes, APD shortened, while RMP, APA and ICT increased slightly. Subsequently, RMP, APA, APD, dV/dt ma x, and ICT decreased until approximately 100 minutes of ischemia, when the preparation became inexcitable even at high current intensities.
Effects of TTX and Verapamil
The effects of TTX and verapamil on non-ischemic transplants are given in Table 2 . TTX significantly (P < 0.01) reduced RMP, APA, dV/dt ma x, and APD90, but all cells remained excitable. Verapamil (dissolved in oxygenated Tyrode's solution) tended to reduce RMP, APA, and dV/dt max , but only prolongation of APD90 was statistically significant (P < 0.05).
During the later stages of ischemia, TTX completely suppressed action potentials recorded in six atrial and three ventricular transplant cells having resting potentials ranging from -65 to -53 mV (Fig.  9A) . Verapamil, dissolved in non-oxygenated Tyrode's solution, did not suppress action potentials in 3 atrial and 2 ventricular transplant cells having resting potentials ranging from -67 to -56 mV (Fig. 9B) .
In Vitro Studies
The effects of superfusion with altered Tyrode's solution on the spontaneous discharge rates of neonatal and adult hamster atrium and ventricle in vitro are shown in Figure 10 . Suppression of automaticity in neonatal and adult atrium followed approximately the same time course, although the neonatal preparations tended to remain spontaneously active longer. A similar relationship was observed between neonatal and adult ventricular myocardium. Spontaneous activity persisted for a significantly (P < 0.05) longer time in atrial than in ventricular tissue for either neonates or adults. The mean time to inexorability during supervision with altered Tyrode's solution was significantly longer in adult atrium than in adult ventricle (71.8 ± 8.2 vs. 31.4 ± 4.2 min.; P < 0.05). All adult cells were inexcitable within 9.0 minutes of exposure to altered Tyrode's solution, while five of six neonatal ventricles -and eight of eight neonatal atria were still excitable.
Discussion
Suitability of the Model
The similarity of action potential characteristics for neonatal myocardium studied in vitro and cardiac transplants studied during normal blood perfusion in the presence of superfusion with Tyrode's solution indicates that the electrophysiology of the transplants selected for study was normal. The different types of automaticity recorded in atrial transplants also appear to be a feature of normal atrium (Mary-Rabine et al., 1980) . Cooling the transplants or the in vitro preparations by stopping superfusion or lowering the temperature of the superfusate equivalently prolonged APD and reduced dV/dtma*. Therefore, it is likely that superfusion of the transplants in situ did not contribute to their electrical activity other than to maintain physiological temperatures.
The temperature of the transplants during ischemia probably was lower than the temperature of myocar- dium made ischemic within a closed chest (Reynolds et al., 1960; Daniel et al v 1978) . The fact that signifi-• cant changes in the electrical activity of several atrial transplants were not observed until 30-40 minutes of ischemia had elapsed argues against a significant detrimental effect of cooling on action potential configuration during ischemia.
The transplants lack normal autonomic nervous system innervation. Although lack of neural input did not appear to affect normal action potential configuration, the absence of physiological neurotransmitter release may have altered cellular electrophysiological changes during ischemia, particularly with regard to production of slow responses, as discussed below. The effect of neurotransmitter release from cheek pouch nerves on transplant electrical activity during ischemia remains to be determined.
Electrical Changes during Ischemia
Reduction of dV/dt max during the early stages of ischemia tended to parallel changes in RMP, with progressively greater reductions as RMP declined from -80 to -65" mV.. Decreases in APA were also associated with loss of RMP until the terminal stages of ischemia, when APA declined at a relatively constant RMP.
Prolongation of APD90 during the initial 10-30 minutes of ischemia probably was due to cooling of the transplant in the absence of blood flow. Cooling may also have contributed to the suppression of automaticity, although non-ischemic transplants in the same cheek pouch chamber (and therefore at the same temperature) remained spontaneously active for the duration of the experiment. It is possible, however, that cooling may have suppressed potential automaticity arising from depolarized cells during the later stages of ischemia more than it suppressed automaticity arising from normally polarized cells.
Control FIGURE 7. Changes in dV/dt ma i (upper record), action potential configuration (middle record), and 1CT (lower record) of a ventricular
ICT tended to increase during the early stages of ischemia, but apparently not because of cooling, since ICT did not increase significantly during the 15-minute equilibration period prior to the induction of ischemia, when the largest reduction in temperature occurred. Sharp decreases in ICT following 30-50 minutes of ischemia may have been due, at least in part, to electrical isolation of the transplant from blood vessels and membrane musculature and loss of a current sink. Further small reductions of ICT were associated with decreases in RMP from control values to approximately -70 mV. Despite the slow decline 113.4 ± 1.5 90.6 ± 0.9" 118.0 ± 1 . 0 115.5 ± 2.1 158.0 ± 6.4 136.5 ± 1.8* 150.0 ± 6.9 172.0 ± 8.5f
227. 5 ± 36.9 95.7 ± 12.4* 252.5 ± 49.3 233.3 ± 23.5 Data are expressed as the mean ± SEM; n = number of cells. * Statistically significantly different from control at P < 0.01. t Statistically significantly different from control at P < 0.05. in ICT, activation times tended to prolong during this period of ischemia. However, conduction block and the major increases in activation times were usually seen during the terminal phase of ischemia, when dV/dt max was severely depressed and ICT increased. The time course of the ischemia-induced electrical changes in the transplants differs significantly from that reported for other in vivo or in vitro models of acute myocardial ischemia (Downar et al., 1977; Kardesch et al., 1958; Russell et al., 1979) . Several factors may account for these differences. First, the energy demand of a transplant may be less than that of an intact heart, due to reduced temperature and work load. Second, lack of normal innervation may attenuate the possibly deleterious effects of endogenous catecholamine release. Third, adaption to ischemia may have occurred while the transplant was becoming vascularized. Fourth, there may be species differences in the response of hamster and swine, rabbit or canine myocardium to ischemia. Last, neonatal myocardium may be more resistant to ischemia than adult myocardium (see below).
The prolonged time course of ischemia-induced electrical changes in the transplants is a disadvantage of the model, since the in vivo situation is not exactly duplicated and microelectrode impalements must be maintained for long periods of time. However, slowly evolving changes in the electrophysiology of ischemic cells permits separation of the effects of exposure to a drug from the progressive effects of ischemia alone. Ischemic transplants also differ from ischemic myocardium in situ, in that all transplant cells receive no blood flow, eliminating moderately and normally perfused myocardial zones. Although this does not replicate the in vivo event, it may be an advantage of the model during drug exposure, since the transplant cells are homogeneously ischemic and the effects of a drug on a single cell may be more representative.
Effects of TTX and Verapamil
The concentration of TTX tested on action potentials from ischemic cells (1CT 5 M) was selected because it depressed APA and dV/dt ma x in normally perfused cells, but did not produce inexcitabiiity. TTX completely suppressed action potentials recorded during the later stages of ischemia, indicating that the fast inward current was still initiating the upstrokes of these cells.
Verapamil at a concentration of 2 X 10~6 M did not produce inexcitabiiity in the ischemic transplant cells we monitored. This dose of verapamil has been reported to suppress slow channel-dependent action potentials in a variety of species (Cranefield, 1975) , including neonatal hamster atrium (Gilmour and Zipes, unpublished data) . Since the racemic mixture of verapamil may have depressant effects on fast sodium channels (Bayer et al., 1975) , we did not use higher concentrations of the drug.
In Vitro Studies
Previous studies have shown that the electrical and contractile activity of neonatal cardiac tissue is more resistant to the effects of \ncreased extracellular potassium concentration and to hypoxia (Ezrin et al., 1979; Su and Friedman, 1973; Hoerter, 1976; Jarmakani et al., 1978) . We speculated, therefore, that some of the resistance of the transplants to ischemia may have been due to their neonatal origin. Because adult myocardium did not transplant well, we tested this hypothesis in vitro by superfusing neonatal and adult hamster myocardium with altered Tyrode's solution (Gilmour and Zipes, 1980) . The results of these studies indicated that neonatal myocardium was more resistant to a combination of hypoxia, hyperkalemia, and acidosis than was adult myocardium. In addition, adult or neonatal atrium was more resistant than adult or neonatal ventricle to altered Tyrode's solution. Similar findings have been reported for guinea pig atrium and ventricle during hypoxia (McDonald and Macleod, 1973) . These data correlate with the greaterresistance of atrial transplants to ischemia and the higher incidence of successful transplantation of atrial tissue.
Significance
The hamster cheek pouch transplant model permits a detailed characterization of changes in automaticity, excitability, and action potentials of atrial and ventricular cells during acute myocardial ischemia. Several findings from this study may be relevant to the genesis of ischemia-induced arrhythmias.
Acute myocardial ischemia increased cellular activation times and excitability thresholds, and suppressed normal atrial and ventricular automaticity. These observations support previous suggestions that cardiac arrhythmias during acute ischemia are due to reentry/ rather than enhanced automaticity (Boineau and Cox, 1973; Lazzara et al., 1978) .-As mentioned earlier, however, the transplants were homogeneously ischemic, and the lack of interaction with less ischemic myocardium would be expected to prevent ectopic activity resulting from injury currents .
Tetrodotoxin suppressed action potentials generated by ischemic cells, whereas verapamil did not, suggesting that .the^fast inward current is required for impulse initiation during acute ischemia in the model we studied, as well as in other models of myocardial ischemia and infarction (Lazzara et al., 1978b; Spear et al., 1979; El-Sherif and Lazzara, 1979) . Further studies are necessary to determine whether excitability can be restored with catecholamines to cells rendered inexcitable by ischemia, and whether these action potentials are slow responses;..
